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Introduction
Economists' views on the relation between taxes and the long-run growth rate of per capita income have varied greatly as macroeconomic models have evolved. Neoclassical growth models leave no room for a relation between taxes and steady-state growth (Ramsey 1928 For example, income taxes do not affect the convergence speed in Barro, Mankiw, and Sala-i-Martin (1995) and Ortigueira and Santos (1997) . Two points make it important to revisit the issue. First and foremost, as the example above suggests, convergence speed can alter the net welfare effects of fiscal policy. Second, though simple proportional income taxes do not affect the convergence speed, common features of realistic tax systems do. The purpose of this paper is to provide an example supporting both points. The particular example used here is the widely used depreciation deduction. However, the results are general: The analysis shows (i) that any tax parameter that affects required saving directly affects the convergence speed, and (ii) that any tax deduction causes the tax rate to affect convergence speed indirectly. Many features of realistic tax systems can affect required saving and, therefore, the economy's convergence speed. The accelerated depreciation allowances permitted by the U.S. tax code will have a larger effect than the example studied here. Tax benefits, such as deductions for charity, debt service, and amortization of goodwill and patents; investment tax credits for equipment and research and development (R&D); and the myriad other deductions in typical tax codes, as well as the personal income tax itself, affect required saving and can affect convergence speed.
The next section of the paper incorporates a deduction for economic depreciation in the neoclassical model with exogenous saving (Solow model, hereafter) and explains the effect on the convergence speed. Section 3 explains the effect in the neoclassical model with endogenous saving (Ramsey model). Appendix C derives the same effect in a new growth model. The relation appears to be a robust feature of standard macroeconomic models. Section 4 compares the net welfare effects of income tax cuts with and without a depreciation deduction, under narrow and broad (human plus physical) capital.2 The depreciation deduction reduces the size of net welfare effects. This is consistent with the fact that the deduction reduces the convergence speed, and suggests that the deduction reduces the size of the net welfare effects because it lengthens the transition, increasing short-run losses. Section 5 concludes the paper.
Taxes and Convergence Speed in the Solow Model
Net saving is the difference between gross saving and the quantity of saving required to maintain the capital stock. In the Solow model with Cobb-Douglas production, a proportional income tax, and a depreciation deduction, net saving is
where k is capital in effective labor units, k is k's time derivative, s is the exogenous after-tax saving rate, T is the tax rate, a is capital's share of output, d is the proportion of depreciation deductible for tax purposes, 6 is the rate of economic depreciation, n is the population growth rate, and g is the growth rate of labor effectiveness. The first term on the right-hand side of Equation 1 is gross saving. The absolute value of the second term is required saving. Except for the inclusion of the depreciation deduction, Equation 1 represents net saving in a standard Solow model with an income tax.
The speed of convergence is the rate at which actual k approaches its steady-state value. Let k* be the steady-state capital stock. Near the steady state, convergence speed is determined by the negative of the coefficient on (k -k*) in the first-order Taylor expansion of Equation 1:3 k -{as(l -T)k*a-' -[(1 -dT)6 + n + g]}(k -k*).
The coefficient on (k -k*) is the response in net saving to a small change in k. The first term in the coefficient is the change in gross saving. The absolute value of the second term is the change in required saving. The convergence speed is determined by the difference in size of these two changes. If they were equal in size, net saving would not respond to k and the economy would not converge. Since the production function is concave, near the steady state the change in gross saving always is smaller than the change in required saving, net saving responds negatively to a small change in k, and the economy must converge. Equation 4 also shows that the income tax rate enters through its relation with d. Although the income tax does not directly affect convergence speed, it does so indirectly, via the depreciation deduction. The larger the tax, the larger the amount of depreciation that is deductible, so an increase in the tax rate has the same effect as an increase in the deduction. Since the deduction causes the convergence speed to decline, the tax does also. Table 1 reports under broad capital because this concept includes human capital, whose depreciation (unfortunately) is not deductible.4 The tax rate is set equal to 35%. This is the statutory federal income tax rate on most corporate income.
Setting Equation

Taxes and Convergence Speed in the Ramsey Model
This section explains the effects of the depreciation deduction on convergence speed in the Ramsey model. After-tax profit of the representative firm is depreciation to the household. Depreciation effectively is deducted twice: The firm receives the deduction dtc6, whereas the household deducts an additional Tp6.6
Appendix A derives the following expression for optimal consumption growth: In Table 2 the 'base case,' excluding taxes, serves as a frame of reference. Panels 1, 2, and 3 show convergence speeds for various combinations of corporate and personal income tax rates and depreciation deductions. Except for the value used for the personal tax (19%), all parameter values are as in Table 1.8 Comparing the first row in panel 1 with the base case indicates (as expected) that the corporate tax has no effect on the convergence speed when there is no corporate depreciation deduction.
Comparing the second row in panel 1 with the first row shows that the convergence speed declines when the corporate depreciation deduction is included in the model. Comparing panel 3 with the other panels indicates that the size of the decline in convergence speed is largest when capital income is taxed twice. Since state governments also tax personal income and permit depreciation deductions for business income, the effects would be larger than indicated here if state income taxes were included in the model. Ortigueira and Santos (1997) include an income tax in their endogenous growth model. The tax does not affect the convergence speed. However, Appendix C shows that a depreciation deduction does affect convergence speed in their model. Since the depreciation deduction depends on the tax rate, the convergence speed indirectly depends on the tax rate. These relations appear to be robust features of standard macroeconomic models. By induction, any tax parameter that affects required saving in macroeconomic models affects convergence speed. Any tax benefit that varies with the tax rate will induce an indirect relation between the tax rate and convergence speed.
Implications for Welfare Effects of Fiscal Policy Measured Convergence Speeds May Not be Indicative of Economic Impact
The changes in convergence speed in Table 2 Each panel in Table 3 shows net welfare gains from tax cuts before and after the corporate depreciation deduction is included in the model. It is important to keep in mind that the sole difference between the two rows within each panel is the corporate depreciation deduction. Panel 2 shows that the net welfare gain from cutting the personal income tax rate is unaffected by including the corporate depreciation deduction in the model. Panels 1 and 3 show that when the corporate income tax rate is cut, including the corporate depreciation deduction causes the size of the welfare gains to decline dramatically. Both of these results are consistent with the argument that the decline in convergence speed causes the decline in net welfare gains because the short-run losses persist longer.
As emphasis for this point, note that the welfare gains decline if and only if convergence speed declines. Recall that in panels 1 and 3 of Table 2 , the convergence speed declines when the corporate depreciation deduction is included in the model. Likewise in panels 1 and 3 of Table 3 the tax cuts produce much smaller welfare gains when the depreciation deduction is included. In contrast, in panel 2 of Table 2 , including the corporate depreciation deduction does not affect the convergence speed. Likewise, in panel 2 of Table 3 , including the corporate depreciation deduction does not affect the size of the welfare gains. This suggests that the declines in convergence speed cause the declines in welfare gains.
Conclusion
As macroeconomic models have evolved, economists have come to an apparent consensus that fiscal policy does not affect long-run growth. Recently, economists have argued that fiscal policy cannot affect transitional growth. For example, one argument is that near the steady state of macroeconomic models taxes on output, firms' revenue, or household income affect gross saving for given levels of capital and consumption and the steady-state capital stock in equal but offsetting ways. Therefore, these taxes do not affect the economy's convergence speed.
However, the simple tax structure that led to this result does not reflect many features of actual tax systems that affect behavioral responses to fiscal policy. In the United States, the federal government, most state governments, and some local governments provide tax benefits, such as amortization, depreciation, and interest deductions. This paper uses the depreciation deduction to provide a simple example showing that these features of tax systems do affect convergence speed. In the Solow, Ramsey, and a new growth model, the depreciation deduction has a direct effect on the convergence speed because it reduces required saving. This deduction also induces an indirect relation between the tax rate and the convergence speed: The size of the benefit from the tax deduction increases with the tax rate; therefore, an increase in the tax rate has the same effect as an increase in the deduction.
The depreciation deduction causes convergence speed to decline. The size of the declines in these examples may appear to be small. But the absolute size may not be indicative of economic impact. A tax's excess burden increases more than in proportion with the tax rate. This property may carry over to convergence speed. Also, a small change in the convergence speed can have a relatively large effect on the welfare effects of fiscal policy because welfare changes occurring early in the transition get more weight than later welfare changes. This is particularly important if the short-run and long-run welfare responses have opposite signs, because it can affect the sign of the net welfare gain, in that case.
In an attempt to gauge the economic importance of tax benefit-induced changes in convergence speed, the paper numerically calculates the global solution to the Ramsey model, and uses the results to measure welfare changes from capital income tax cuts financed by cuts in lump-sum transfers. In these experiments tax cuts cause net welfare to increase. However, the net welfare Equation C6 shows that the larger the net productivity of human capital in the production of human capital (A -'), the larger the growth of skill used in final goods production. The middle term in square brackets is the after-tax return on physical capital net of depreciation. The larger this return is, the lower is growth in skill used in final goods production. An increase in the net after-tax return on physical capital leads to an increase in the stock of physical capital, which increases the productivity of human capital. This tends to increase the growth of skills used in final goods production. At the same time, the opportunity cost of investment in human capital increases, which leads to a decrease in the human capital investment. The latter effect dominates, so growth in skill used in final goods production declines. This is important to the interpretation of the convergence speed in this model. 
